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Art Unit: 2811 



DETAILED ACTION 



Claim Rejections - 35 USC §112 



1 . The following is a quotation of the second paragraph of 35 U.S.C. 112: 



2. Claims 27-29 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. The claimed limitation of each impurity 
concentration of the high voltage diffusion layer being located between the high voltage 
peak impurity concentration (HVPIC) and the datum, as recited in claim 27, is unclear 
as to the location of the each impurity concentration of the high voltage diffusion layer, 
since the impurity concentration is located between a concentration (HVPIC) and a 
datum. 



3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which the subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 



The specification shall conclude with one or more claims particularly pointing out and 
distinctly claiming the subject matter which the applicant regards as his invention. 



Claim Rejections - 35 USC § 103 
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4. Claims 1, 3, 4, 6, 21, 23 and 25-26 are rejected under 35 (JSC 103(a) as being 
unpatentable over Kumamaru et al. (4,379,726) or Watanabe et al. (4,258,379). 
Kumamaru et al. teach in figure 10 a semiconductor device having a first vertical 
bipolar transistor 15 and a second vertical type transistor 13 having a breakdown 
voltage that is higher than that of the first vertical type transistor, formed on a 
semiconductor substrate comprising a first conductivity type silicon substrate 1, 5 
defining a datum bottom surface, an epitaxial layer 11 formed on the substrate above 
the datum surface, a first embedded diffusion layer 14 formed as part of a first vertical 
bipolar transistor 15 in a first upper part of the substrate and in the epitaxial layer and 
has the same conductivity type and higher impurity concentration than that of the 
epitaxial layer, a second embedded diffusion layer 1 3 (figure 8) formed as part of a 
second vertical type transistor 13 directly on the substrate in a second upper part of the 
substrate and within a lower part of the epitaxial layer (column 3, lines 23-26), wherein 
the first embedded diffusion layer is not disposed within the second embedded diffusion 
layer, and having opposite conductivity type as that of the substrate and having an 
impurity concentration less than the impurity concentration of the first embedded 
diffusion layer 14 and is approximately equal to or higher than the impurity 
concentration of the epitaxial layer (column 3, lines 16 and 27-28), wherein peak 
positions of impurity concentrations of the first and second embedded diffusion layers 
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reside at first and second distances from the datum surface of the substrate, such that 
the first distance is greater than the second distance. 

Although figure 10 of Kumamaru et al. does not depict a second embedded diffusion 
layer 1 3 being formed within a lower part of the epitaxial layer 1 1 , Kumamaru et al. 
teach in column 3, lines 23-26, that the second embedded diffusion layer 13 is formed 
within a lower part of the epitaxial layer. Therefore, the claimed structure is considered 
to be at least obvious over Kumamaru et al.'s structure. 

Watanabe et al. teach in figure 8 a semiconductor device having a first vertical bipolar 
transistor 101 and a second vertical type transistor 201 having a breakdown voltage 
that is higher than that of the first vertical type transistor, comprising a first conductivity 
type silicon substrate 1 defining a datum bottom surface, an epitaxial layer 3 formed on 
the substrate above the datum surface, a first embedded diffusion layer 21 formed as 
part of a first vertical bipolar transistor 101 in a first upper part of the substrate and in 
the epitaxial layer and has the same conductivity type and higher impurity 
concentration than that of the epitaxial layer, a second embedded diffusion layer 22" 
formed as part of a second vertical type transistor directly on the substrate in a second 
upper part of the substrate and within a lower part of the epitaxial layer, wherein the 
first embedded diffusion layer is not disposed within the second embedded diffusion 
layer, and having opposite conductivity type as that of the substrate and having an 
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impurity concentration less than the impurity concentration of the first embedded 
diffusion layer and is approximately equal to or higher than the impurity concentration 
of the epitaxial layer (figure 9), wherein peak positions of impurity concentrations of the 
first and second embedded diffusion layers reside at first and second distances from 
the datum surface of the substrate, such that the first distance is greater than the 
second distance. 

Although figure 8 of Watanabe et al. does not clearly depict a second embedded 
diffusion layer 22" being formed within a lower part of the epitaxial layer 3, figure 9 
clearly shows a second embedded diffusion layer 22" being formed within a lower part 
of the epitaxial layer 3. Therefore, the claimed structure is considered to be at least 
obvious over Watanabe et al.'s structure. 

Regarding claim 3, Kumamaru et al. teach a bottom of the first embedded diffusion 
layer 14 being formed at a smaller distance from the datum surface (the interface 
between layers 1 1 and 5) than the midpoint of the second embedded diffusion layer. 
Note that the broad recitation of the claim does not require the datum surface to be the 
bottom surface of the substrate. 

Watanabe et al. teach in figure 9 a bottom of the first embedded diffusion layer 21 
being formed at a smaller distance from the datum surface than the midpoint of the 
second embedded diffusion layer 22". 
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Regarding claim 4, although figure 10 of Kumamaru et al. does not depict a second 
embedded diffusion layer having impurity concentration portions that are equal and 
greater than that of the epitaxial layer, it is well known in the art that diffused areas 
have concentration that follows natural distribution curve, of which official notice may 
be taken (See Watanabe et al/ figure 9, graph 22"). In the alternative, the second 
embedded diffusion layer can comprise layers 13 and 12. Thus, the second embedded 
diffusion layer has impurity concentration portions that are equal and greater than that 
of the epitaxial layer, as claimed. 

Watanabe et al. teach in figure 9 a second embedded diffusion layer having impurity 
concentration portions that are equal and greater than that of the epitaxial layer. 

Regarding claim 6, Kumamaru et al. and Watanabe et al. teach a datum surface being 
the bottom surface of the substrate. It would have been obvious to a person of ordinary 
skill in the art at the time the invention was made to use a second embedded diffusion 
layer having an impurity concentration of 10E13 to 10E15 in Kumamaru et al. and 
Watanabe et al.s' devices, since it is a matter of design choice within the skills of an. 
artisan, subject to routine experimentation and optimization. 

Regarding claim 23, Kumamaru et al. and Watanabe et al. teach a first vertical type 
bipolar transistor defining a voltage that is different than that of the second vertical type 
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bipolar transistor, wherein the first embedded diffusion layer having an impurity 
concentration that is higher than that of the epitaxial layer. 

Regarding claims 25-26, it is conventional to reverse the polarity of the transistor. 
Therefore, it would be obvious to reverse the polarity, as claimed. 

5. Claims 20 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Kumamaru et al. 

Kumamaru et al. teach substantially the entire claimed structure, as applied to claim 1 
above, including first and second bases disposed between two first and second graft 
base layers, above the first and second embedded diffusion layers to define first and 
second epitaxial thicknesses, respectively, wherein the first thickness is less than the 
second thickness, and wherein only the epitaxial layer is disposed between the base 
layer and the second embedded diffusion layer. 

6. Claim 22, is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kumamaru et al. or Watanabe et al. in view of Admitted Prior Art (APA). 
Kumamaru et al. and Watanabe et al. teach substantially the entire claimed structure, 
as applied to claim 1 above, except a peak position of an impurity concentration of the 
second embedded diffusion layer resides at a distance from the datum surface that is 
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approximately equal to a location of the bottom of the first embedded diffusion layer 
from the datum surface. 

APA teaches in figures 3 and 4 a peak position of an impurity concentration of the 
second embedded diffusion layer residing at a distance from the datum surface that is 
approximately equal to a location of the bottom of the first embedded diffusion layer 
from the datum surface. 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to form the peak position of an impurity concentration of the 
second embedded diffusion layer at a distance from the datum surface that is 
approximately equal to a location of the bottom of the first embedded diffusion layer 
from the datum surface in Kumamaru et al. and Watanabe et al.'s device, since it is a 
matter of design choice within the skills of an artisan, subject to routine experimentation 
and optimization. 

7. Claims 27 and 29, insofar as in compliance with 35 U.S.C. 112, are rejected 
under 35 U.S.C. 103(a) as being unpatentable over Kumamaru et al. in view of 
Watanabe et al. 

Kumamaru et al. teach in figure 8 a semiconductor device comprising a substrate 1 
having a first surface that defines a datum, a high speed diffusion layer 14 comprising a 
first surface disposed above the datum at a first height, a high voltage diffusion layer 13 
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(figure 8) comprising a first surface disposed at a second height, wherein the second 
height is substantially at the datum, a high speed base layer 21 comprising a lower 
surface that faces the first surface of the high speed diffusion layer and is disposed at a 
first speed height from the datum; a high voltage base layer 17 comprising a lower 
surface that faces the second surface of the high voltage diffusion layer and is 
disposed at a first voltage height from the datum, wherein the first speed height of the 
high speed base layer is equal to the first voltage height of the high voltage base layer; 
an epitaxial layer 1 1 , wherein the epitaxial layer is disposed between the first surface of 
the high speed diffusion layer and the lower surface of the high speed base layer, and 
wherein only the epitaxial layer is disposed between the first surface of the high voltage 
diffusion layer and the lower surface of the high voltage base layer, wherein the high 
speed (HS) diffusion layer comprises a peak impurity concentration (HSPIC) value and 
wherein the high voltage (HV) diffusion layer comprises a peak impurity concentration 
(HVPIC) value, such that the high voltage peak impurity concentration (HVPIC) value is 
less than the high speed peak impurity concentration (HSPIC) value, and wherein each 
impurity concentration of the high voltage diffusion layer that is located between the 
high voltage peak impurity concentration (HVPIC) and the datum can be higher than 
leach impurity concentration of the epitaxial layer that is located between the first 
surface of the high voltage diffusion layer and the lower surface of the high voltage 
base layer. 
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Kumamaru et al. do not state the precise impurity concentration of the high voltage 
diffusion layer. 

Watanabe et al. teach in figures 4 and 9 each impurity concentration of the high 
voltage diffusion layer that is located between the high voltage peak impurity 
concentration (HVPIC) and the datum is higher than leach impurity concentration of the 
epitaxial layer that is located between the first surface of the high voltage diffusion 
layer and the lower surface of the high voltage base layer. 
It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to adjust the impurity concentration of the high voltage diffusion 
layer that is located between the high voltage peak impurity concentration (HVPIC) and 
the datum to be higher than leach impurity concentration of the epitaxial layer that is 
located between the first surface of the high voltage diffusion layer and the lower 
surface of the high voltage base layer in Kumamaru et al.'s device, since it is a matter 
of design choice within the skills of an artisan, subject to routine experimentation and 
optimization to find the optimum working characteristics of the device. 

Regarding claim 29, Kumamaru et al. teach in figure 8 an epitaxial layer between the 
first surface of the high speed diffusion layer and the lower surface of the high speed 
base layer defines a thin collector layer, wherein the epitaxial layer between the first 
surface of the high voltage diffusion layer and the lower surface of the high voltage 
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base layer defines a thick collector layer, wherein the thick collector layer is thicker 
than the thin collector layer. 

8. Claim 28, insofar as in compliance with 35 U.S.C. 1 12, is rejected under 35 
U.S.C. 103(a) as being unpatentable over Kumamaru et al. and Watanabe et al., as 
applied to claim 27 above, and further in view of Admitted Prior Art (APA). 
Kumamaru et al. and Watanabe et al. teach substantially the entire claimed structure, 
as applied to claim 27 above, including a high speed (HS) diffusion layer comprises a 
peak impurity concentration (HSPIC) value that is disposed at distance Yhspic below 
the datum, wherein the high voltage (HV) diffusion layer comprises a peak impurity 
concentration (HVPIC) value that is disposed at distance Yhvpic below the datum. 
Kumamaru et al. and Watanabe et al. do not teach Yhvpic > Yhspic 
APA teaches in figures 3 and 4 Yhvpic > Yhspic. 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to use Yhvpic > Yhspic in Kumamaru et al. and Watanabe et al.'s 
device, since it is a matter of design choice within the skills of an artisan, subject to 
routine experimentation and optimization. 
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Response to Arguments 



9. Applicant argues on pages 7-8 that figure 8 of Kumamaru et al. can not be 
combined with figure 10. 

The examiner does not use figure 8 to reject the claimed invention. Layer 1 3 of 
figure 8 was cited as courtesy and convenience to applicant to identify which layer of 
figure 10 was cited in the rejection. 

10. Applicant argues on page 7 that converting substrate 5 into element 13 does not 
mean that element 13 is formed directly on the substrate. 

It is unclear how converting a section of a substrate into an element would not 
result in the element being located directly on the substrate. 

11. Applicant's arguments on pages 9-1 1 were adequately addressed in previous 
office actions. 



12. 
moot 



The rest of applicant's arguments on pages 12-13 have been considered but are 
in view of the new ground(s) of rejection. 



